Supplemental materials and methods

Live confocal imaging of embryos and larvae.
Ciona intestinalis adults and embryos were collected, manipulated, and transfected with plasmid DNA by electroporation as described [S1] . For live imaging, electroporated larvae were anaesthetized with 0.01% (w/v) benzocaine dissolved in buffered artificial sea water and placed on a 90mm plastic Petri dish to which they adhere. Image acquisition was performed on a Leica SP2 confocal microscope with a water-immersion 20x objective, using the time-lapse function of the Leica software. Twenty to Forty micrometer-thick stacks were acquired by bi-directional scanning, with a 0.4 to 0.5µm/pixel resolution in x and y, one to two µm steps in z, every two or five minutes.
Raw 512x512 image stacks were imported in Image J for time-lapse assembly and projections.
Gene expression and cis-regulatory analysis in tunicates.
B7.5 lineage visualization in juveniles was achieved by taking advantage of the stability of fluorescent histone H2B fusion proteins [S2-3,S7] or Nuclear Localization Signal (nls)-βgalactosidase, expressed with the cis-regulatory DNA from MesP. The double fluorescent in situ hybridizations and immunostaining was performed essentially as described [S4-5] , using a digoxygenin-labeled antisense RNA probe synthesized by T7 polymerase-mediated in vitro transcription using Titin cDNA clone (ciht028m01), Islet cDNA clone (ciad008c12), COE cDNA clone (ciad013f14), MHC2 cDNA clone (ciht014j17) and pBSKM-MHC3 plasmid as linearized templates. pBSKM-MHC3 and pBSKM-Tbx1/10 were constructed by amplifying ~1kb partial transcripts by RT-PCR using the following primers: NotI MHC3 probe fwd (tatgcggccgcTGACCAAGATGCAGTCGAAG) and KpnI MHC3 probe rev (tatggtaccGAAGCCAAGTTTTGCTCGTC), and NotI Tbx1/10 probe fwd (tatgcggccgcGGACGTACCGGTAAACGAGA) and KpnI Tbx1/10 probe rev (tatggtaccTTGCTGGTAATCGAACGTGA).
MHC3 and Tbx1/10 probes were designed using gene models based on published clone or mRNA (ciad018d13 and AB073907, respectively). The PCR fragments were cloned into pBSKM (the backbone of the other cDNA clone plasmids used) linearized with KpnI and NotI. MHC2 and MHC3 were selected as heart and body wall markers on the basis of EST evidence [S10] .
An Islet (7.2kb upstream) cis-regulatory DNA fragment (Fig. S2 ) was isolated by PCR on genomic DNA and subcloned in expression vectors using the following primers:
AscI Islet -7216 fwd (tatggcgcgccCAAGTATACCACGCGAGTTAG), (XhoI) Islet -3950 rev (tatCTCGAGACTCAATTCAACGG). Islet enhancers were subcloned in front of the basal promoter from the Friend of GATA gene (bpFOG) of Ciona [S13] using AscI and XhoI . Unless otherwise indicated, the eGFP and mCherry used in reporter gene constructs were fused to an N-terminal unc-76 tag to exclude the reporter protein from the nucleus [S11] .
The Islet protein coding sequence was amplified by RT-PCR using NotI kozak Islet cds N fwd (tatgcggccgcaaccATGAACGAATCATTCGCCATTTTC) and MfeI Islet cds C rev (tatcaattgTTAGCTACACGCCGGTACAGTTG). COE protein coding sequence was amplified by RT-PCR using the SpeI COE cds N fwd (tatactagtccTGGCAACAATGGCGGGACC) and EcoRI COE cds C rev (tatgaattcGCGGTGCTCTAGCTATAGCCG) primers and fused to an N-terminal HA tag downstream of the FoxF TVC enhancer [S4] attached to bpFOG (FoxFTVC+bpFOG).
All embryos, larvae, and juveniles were imaged using a Leica SP2 confocal microscope except for figures 2D and E, 3G-L, S2, S3C, S7A, S8A and B, which were imaged using a Zeiss Axio Imager 2 upright microscope, and figures S2, S7B and C which were imaged using a Nikon upright microscope. All embryo and juveniles scoring assays were performed counting only transfected embryos as assayed by MesP reporter gene co-electroporation. Individuals in which MesP reporter gene expression was not visible were not scored. F-actin rich myofibrils and cell cortices in embryos and juveniles were revealed by fluorescent phalloidin or phallacidin conjugates (Invitrogen).
WRPW fusions
A region encompassing putative Islet LIM, homeo-, and LBD (Lhx3-binding) domains was amplified from Islet coding sequence by the NheI Islet LIM N fwd (tatgctagctCTATGCGTAGGATGTGGC) and NgoMIV Islet LBD C rev (tatgccggcTTCCAAGCTGGTTGCTGG) primers. A COE fragment consisting of the entire N-terminal region including the putative DNA-binding and helix-loop-helix dimerization domains [S6] was amplified from COE coding sequence using SpeI COE cds N fwd and XmaI COE DBD C rev (tatcccgggAGGCGTGATCCCGGCTGAC) primers. Both were cloned in frame between an N-terminal HA tag and a WRPW motif, downstream of FoxF-TVC+bpFOG.
Xenopus tropicalis in situ hybridizations
Xebf2 (Image clone# 5383656) Xebf3 (Image clone# 7604756) Nkx2.5 (Accession# DN012877) and Islet1 (Accession# AL803057) probes were prepared by T7 polymerase in vitro transcription from linearized template using EcoRV, SalI, BamHI, ClaI restriction digests, respectively. All steps were performed as previously described [S8-9] . Brightfield images of hybridized embryos were taken using a Leica MZFLIII stereo-dissection microscope. Embryos for optical sections were cleared in 1:2 benzyl alcohol : benzyl benzoate and imaged on a Zeiss Axio Imager 2 using a 10x objective. savignyi genome is taken from the CNRS mirror of the UCSC genome browser (http://genome.ciona.cnrs-gif.fr/cgi-bin/hgGateway?org=C.+intestinalis&db=ci1). Expression in atrial siphon muscle precursors (ASM), notochord (Noto), bipolar tail neurons (BTN) and cholinergic neurons (ChN) of the central nervous system are given for each reporter construct carrying the corresponding fragment (see materials and methods). Expression is given as percentage of transfected larvae with visible GFP fluorescence in TVCs at 24 hpf (n = 35 to 195). Minus sign ("-") indicates no or very little (<4%) expression. Single plus sign ("+") indicates expression in 10 to 50% of transfected larvae. Double plus sign ("++") indicates expression in greater than 50% of transfected larvae. Plus signs without percentage value indicate this expression was visually estimated to be >75% of transfected larvae. Note that non-overlapping fragments (-6240/-5035 and -5034/3950) were capable of driving variable levels of reporter gene expression in ASM precursors. In contrast, ChN and BTN enhancers were found to be restricted to -5034/-3950 and -5915/-5396 fragments, respectively. Expression in other known territories (e.g. palps and oral siphon primordium) of Islet expression were not assayed. b) Image of a larva electroporated with Islet -7216/-3950 + bpFOG>unc76::GFP, showing expression in ASM precursors (arrowhead) and cholinergic neurons (arrows). c) Image of a larva electroporated with Islet -5915/-5396 + bpFOG>unc76::GFP, showing expression in bipolar tail neuron.
Supplementary
Supplementary Figure 3.
In situ hybridization of muscle marker genes in differentiated B7.5 descendants A) MesP>lacZ (Bgalactosidase immunofluorescence) stains B7.5 descendants in atrial siphon (AS), longitudinal muscles (LoM) heart (Ht), and reabsorbed tail (asterisk). A') Titin riboprobe staining around oral siphon (OS), atrial siphon, longitudinal muscle, and heart of ~63 hpf juvenile. B-D) Same labeling of B7.5 descendants with MesP>lacZ as in A. B') MHC2 mRNA signal colocalizes with B7.5 descendants in the heart, but not ASMs or LoMs while C',D') MHC3 mRNA signal colozalizes with B7.5 descendants in ASMs and LoMs, but not heart. A, B, and B' are projections of Z stacks taken with a confocal microscope while C&D and C'&D' are different images of the same juvenile taken at two different focal planes using a compound microscope.
Supplementary Figure 4.
Effect of MesP>Ets::WRPW overexpression on ASM and heart formation. A) Juvenile raised from embryo electroporated with MesP>H2B::mCherry (red) and MesP>Ets:WRPW. Note lack of phallacidin:BODIPY FL staining (blue-green) around atrial siphons (arrow), and lack of mCherry signal where the heart normally forms (arrowhead). mCherry is only seen in the remnants of B7.5-derived larval tail muscles (asterisk). Since we claim that atrial siphon muscles and heart arise from the TVCs specifically, MesP>Ets::WRPW should abolish both fates by precluding TVC specification. B) Quantification of juveniles (~100 hpf) reared from embryos electroporated with MesP>H2B::mCherry and either MesP>Ets::WRPW or MesP>lacZ (control) plasmids assayed for formation of f-actin-rich atrial siphon rings by phallacidin staining. Juveniles were also assayed for H2B::mCherry expression in atrial siphon or heart regions. MesP>Ets::WRPW has been shown previously to block specification of TVCs, leading the entire B7.5 lineage to become anterior tail muscles [S1] . As expected, juveniles electroporated with MesP>Ets::WRPW show significant decrease in atrial siphon phallacidin staining and H2B::mCherry staining in locations of ASMs and heart. Figure S5 . Double MesP/Islet reporter construct visualization in juveniles Embryos electroporated with MesP>lacZ and Islet>H2B::mCherry were grown to juvenile stage. A) Juvenile (~100 hpf) showing βgal immunostaining (green nuclei) in heart, atrial siphon muscles, and longitudinal muscles B) The same juvenile showing H2B::mCherry in atrial siphon muscles and longitudinal muscles, but not heart. C) Merge of A and B. Insets c' and c'' are magnified views of corresponding dashed line boxes. Note co-localization of βgal immunostain and H2B::mCherry around atrial siphons (c') but not in the heart (c''). Asterisks denote βgal+, H2B::mCherry+ nuclei of longitudinal muscles in which βgal was obscured in the merged image. Arrow in c'' show Islet+ cells of unknown origin in the endostyle. Islet>H2B::mCherry is also seen in the re-absorbed tail (t). Juvenile was counterstained by phallacidin:BODIPY FL conjugate. Figure S6 . Effect of COE and COE::WRPW misexpression on heart and ASM formation Embryos were electroporated with FoxF>COE, FoxF>COE:WRPW, or FoxF>lacZ (control) and larvae were scored for lateral vs. medial TVC specification as assayed by Islet -7216/-3950 + bpFOG>GFP expression and secondary migration as visualized by co-electroporation with MesP>H2B::mCherry (top chart). Juveniles raised from embryos electroporated with the same perturbation constructs were assayed for ASM vs. heart formation, as assayed by phallacidin:BODIPY FL staining of myofibrils and co-electroporation with MesP>H2B::mCherry. (bottom chart). Juveniles had to have both siphons showing myofibrils rings to be scored as having ASMs, to account for frequent left/right mosaicism of electroporated plasmid. H2B::mCherry+ cells arranged in epithelial tubes in ventro-posterior regions were scored as heart, regardless of deviation from normal size/shape of wild-type hearts. All conditions were tested in triplicate and percentage values given correspond to averages over the three replicates. 
